Isoelectric focusing and molecular hybridization with a TEM DNA probe were used to screen for TEM P-lactamase in 328 bacterial isolates representing 11 gram-negative genera. The TEM enzyme was detected in 50% of isolates, and nine additional types of I-lactamase could be identified in 36.9% of isolates. The TEM gene was detected in 53.6% of isolates. The results obtained by both methods were concordant in 92.7% of the entire sample. In situ colony hybridization with a specific probe therefore appears to be a convenient method to screen rapidly for the presence of homologous genetic sequences among a large number of isolates. Positive hybridization was observed for 16 isolates in which no TEM I8-lactamase was detected by isoelectric focusing. The significance of this hybridization remains to be determined.
1-Lactamases are the major determinants of resistance to 1-lactam antibiotics by most gram-negative bacteria (30) .
The need to demonstrate 3-lactamase production by organ- isms isolated in the clinical laboratory has become increasingly important in recent years with the emergence of new 3-lactamase-producing strains and new types of ,-lactamases (26) . These enzymes can be characterized and classified into a variety of types by several criteria (24, 25) , including substrate profiles, inhibition assays, molecular weight, and particularly isoelectric point (23) . The number of plasmid-determined 1-lactamases is currently greater than 20 (22, 26, 37) . New screening methods will be useful for the examination of the P-lactamase profile and for studies of the evolution of resistance mechanisms. New methodologies such as amino acid sequencing, molecular cloning, and nucleic acid hybridization are expected to allow appropriate and easier classification of ,B-lactamases. Amino acid sequencing has already yielded a differentiation of Plactamases into only three classes (1) . Molecular cloning of the structural genes that encode various P-lactamases has been completed in many cases. Because some of these genes do not show significant homology, it was predicted in 1983 that DNA hybridization of ,B-lactamase genes will be a new tool for the molecular epidemiology of antibiotic resistance (32) In our laboratory we were able to prepare a TEMlactamase gene probe (5 Analytical IEF. Enzymatic extracts were ultrasonically prepared from bacteria grown without inducer (28) . All extracts were investigated for protein content by the method described by Lowry et al. (18) and for ,-lactamase activity by the chromogenic cephalosporin method (31) . The extracts from the wild-type and reference strains were subjected to IEF on polyacrylamide gel slabs. The extracts were diluted so that they had 50 ,ug of protein in each spot. First, extracts were tested in a pH range of 3.5 to 9.5 (30 W; 1,500 V; 20 mA; 1.5 h at 10°C), and then those extracts that focused between pH 5 and 6 were retested in a pH gradient of 4 to 6.5 (25 W; 1,500 V; 17 mA; 1.5 h at 10°C).
In all experiments the pH gradient was recorded with a flat-ended electrode Ingold (Roucaire, Lyon, France) every 0.5 cm. Focused 3-lactamases were detected with nitrocefin as a substrate.
TEM gene probe. The host strain for the probe DNA source was Escherichia coli HB101(pBR322). The plasmid pBR322 was isolated (14) after chloramphenicol amplification. This plasmid was digested sequentially with restriction endonucleases: first with EcoRI and then with Hinfl. Digestion with both enzymes was performed as specified by the manufacturer. The digested DNA and a standard DNA were subjected to horizontal electrophoresis in 1.1% agarose dissolved in TAE buffer. Electrophoresis was carried out at 50 mA for 13 h. The gel was then placed in a solution of ethidium bromide in water (0.5 jig/ml) and stained for 30 min. The largest of the DNA fragments (approximately 1 kilobase), which was visible under 254-nm UV radiation and which bore the TEM 3-lactamase gene (5), was excised from the gel. The DNA was electroeluted from the slice of agarose into a dialysis bag filled with TBE buffer (19) . The electroeluted DNA was extracted twice, first with an equal volume of phenol-chloroform (1:1) and then with an equal volume of chloroform-isoamyl alcohol (24:1). After ethanol precipitation (overnight at -20°C) the DNA was centrifuged (27,000 x g, 30 min), and the pellet was suspended in 1.5 ml of TEN buffer. This DNA (approximately 2 pig) was labeled with 32P by nick translation and was used as a probe in colony hybridization studies.
Colony hybridization. Colony hybridization allowed bacterial colonies to be rapidly screened by DNA-DNA hybridization for those containing the specific TEM DNA sequence (8) .
Nitrocellulose filters were placed on MacConkey agar plates. Bacteria were transferred to the filter surface with sterile toothpicks. A reference set of colonies was made directly on MacConkey agar plates. After sufficient incubation (18 to 24 h at 37°C), the reference set of bacteria was stored at 4°C, the cells on the filters were lysed, and their DNA was denatured in the following steps, as described by Moseley et al. (29) (performed at room temperature unless otherwise indicated). Filters were placed on a sheet of Whatman 3MM absorbent filter paper (Whatman, Inc., Clifton, N.J.) (in petri dishes) wetted with 0.5 M NaOH.
After 10 min the filters were transferred for 1 min each to a series of three filter papers, each of which was wetted with 1.0 M ammonium acetate-0.02 M NaOH; they were then shifted to a fourth ammonium acetate-NaOH-coated piece of filter paper for 10 min. Filters were air dried on absorbent filter paper for 1 h and baked at 80°C for 2 h.
The filters were treated at 42°C (in heat-sealed plastic bags) with hybridization solution (3 ing results were obtained with nonconcentrated extracts. Fifty percent of isolates produced a TEM ,-lactamase (pl 5.4 or 5.6) ( Table 2 ). There was a marked prevalence of the TEM-1 type (pl 5.4) because the TEM-2 type (pI 5.6) represented only 9% of the total TEM enzymes. The TEM P-lactamase was more frequent in the genera Providencia and Escherichia than in the other genera.
The other P-lactamases identified by IEF were cephalosporinases (17%), SHV-1 (7.6%), OXA-4 (2.4%), OXA-2 (1.5%), OXA-3 (1.2%), PSE-1 (1.8%), PSE-2 (1.8%), PSE-3 (1.5%), and PSE-4 (0.9%). Two enzymes could not be related to previously established types (unpublished data). Multiple ,-lactamases (e.g., penicillinase plus cephalosporinase) were revealed in 2.4% of isolates. A total of 43 extracts (13.1%) were negative by IEF; i.e., 36 extracts had no enzymatic band, and 7 extracts had activity that remained at the anodic loading site on the gel.
Interpretation of results obtained by DNA colony hybridization; frequency of TEM DNA. No darkening of the X-ray film and, therefore, no homology with the TEM probe were apparent for the negative controls HB101 and PU21(Rmsl49) (Fig. 1) . Conversely, the positive controls PAO8(RP1) and J53(R6K) were TEM positive, as indicated by distinct darkening of the film. None of the control strains with 1-lactamases different from the TEM enzyme (listed in Table 1 ) hybridized with the TEM probe. The frequencies of TEM DNA observed in the various genera are shown in Table 2 . Two main points should be emphasized. Among all isolates tested, 53.6% harbored TEM-homologous sequences; homology was particularly frequent among Providencia and Eseherichia strains, for which 97 and 91% of isolates, respectively, hybridized with the probe. The comparison between results obtained by both methods used is summarized in Table 3 .
For 304 isolates in groups A and B (92.7%), the presence or absence of the TEM gene and the presence or absence of TEM enzymes were concomitant. For 16 isolates in group C (4.9%), hybridization with the TEM probe was observed, but no TEM enzyme was detected. Eight isolates in group D (2.4%) produced TEM P-lactamase but did not hybridize with the TEM probe.
The bacteria in group C were diverse ( Table 4 ). Five of them had neither a TEM enzyme nor another type of ,B-lactamase when IEF was performed under the conditions described above, i.e., without concentrated cell extracts.
For these five extracts, however, a 1-lactamase different from the TEM enzyme was detected after a 10-to 20-fold concentration obtained with a Micro-ProDicon apparatus (Bioblock, France), by using membranes with a 10,000-molecular-weight cutoff.
The 3-lactamases detected in the strains in group C were type I cephalosporinase (12 strains), PSE-2 (2 strains), PSE-4 (1 strain), and OXA-3 (1 strain) ( Table 4) . DISCUSSION In this study there was a prevalence of the TEMlactamase, which was detected in 50% of the ampicillinresistant, gram-negative bacteria tested.
The types of plasmid-determined 1-lactamases, identified by other investigators by IEF, exhibit different distributions among bacterial genera (22, 27, 38) . The most common is TEM-1 ,3-lactamase, which occurred with an overall frequency of 77% among the strains studied by Matthew (22) . In some species and geographic regions, TEM-1 is not the most prevalent enzyme. Philippon et al. (33) found that the PSE type (CARB type) was the most frequent type in the Pseudomonas aeruginosa strains isolated in France. In a previous study (13) we reported the high frequency of PSE-1 type in the P. aeruginosa strains isolated in our hospital. The sample in this study is different from that used previously because it includes different genera of gram-negative bacteria, with a predominance of the genus Escherichia. Furthermore, the prevalence of different 1-lactamases can vary over time when strains become epidemic.
The high sensitivity of IEF (23) If TEM genes are not expressed, it means that no transcription or translation occurs. One hypothesis is that these presumed silent genes are mutants. Another hypothesis is that these genes are subject to regulation. Smith (40) has suggested that the phenotypic expression of R-factor penicillinase is impaired in some species. Imsande (12) proposed a scheme for the genetic regulation of penicillinase. The putative regulation of the presumed silent genes requires further investigation. Attempts are currently being made in our laboratory to determine the location (chromosome or plasmid) of these genes and their possible inducibility.
The concordance between the molecular hybridization and IEF methods was very high (92.7%). Molecular hybridization allows the detection of the gene itself and is a rapid screening method. In the future technical improvements currently being developed and preparation of new probes are likely to create a larger role for DNA hybridization in 1-lactamase detection as well as in diagnostic pathology (2, 10, 39) .
